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Construction  of  a  reference  frame  for  studying 
changes  in  species  composition  in  grasslands: 

the  example  of  an  old-field  succession 
GERARD BALENT 
INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE . . . - . - . . 

CENTRE DE TÖULOUSE UNITE DE RECHERCHES SUR LES 
SYSTEMES AGRAIRES ET LE DEVELOPPEMENT 

FRANCE 
BP 27 CASTANET-TOLOSAN CEDEX 

- been to T h i s  means  that  land 
is of of 
allows animals to on such  conditions, the botanical  composition of the 

of 
of of 

words: 

- “Construction d’un cadre de référence pour l‘étude des modifications de la composition des espèces dans les prairies: 
l’exemple de la succession dans les champs délaissés”. Dans  les les  pâturages et les terres cultivées ont été abandonnés 
peu à peu. Ceci signifie que les terres sont consacrées au pâturage, et qu’elles subissent une perte de fertilité du sol, et ainsi, 
le système pastoral étant abandonné, les animaux sont inis à pâturer dans des terrains bien plus riches et bien plus verts. Ces 
conditions fotlt que la composition botanique des terres soit modoée, un processus de succession ayant lieu. L‘Analyse de 
Correspondances a  été utilisée afin de déternziner la structure écologique de  la végétation dans ces régions lors des dlrérentes 
étapes de cet abandon. Le modèle utilisé prédit la dynamique de cette communauté végétale et de la succession des espèces. 

Analyse de Correspondances, pâturage, successiolz écologique, diversité des espèces, conzrnunauté’, échantilloimage, 

Introduction 

A community can be defined as a set of 
species which coexist within the same 

habitat and 
(Lincoln et al., 

open and in a continuous  way  along 
than patches 

1967; 1984). Studies 
on between species composition of  commu- 
nities habitat to 
the in species composition between 
habitats, to analyze the evolution of species composi- 
tion in time 1967;  1973;  Austin,  1980;  Austin 
and Austin, 1980;  Naveh  and 

et al., 1980; and 1982; 
1983; Willens, 1983; and 

of 
analysis and to these questions. 

Some focus on 
on species a few on both species  and 

1981). 
many questions about choice and validity 

of methods  with an on metho- 
dology  and  technique than ecological application, 
low levels of use  in applied studies and an 
tendency to multiple analysis” 

1988). 

this want  .to the capacities  of 

matical and ecological questions to 
vegetation dynamics. What the main ecological 

affecting the and  evolution of 
species composition of communities? These 
can be defined a and then, we  have to fit 
the species composition to them, a 
the changes in species composition (i.e. like 
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axes and then  we  have  to the signifi- 
cance of data 

1983).  What is the of species 
along  a  defined  a The 

of the of the species  mainly 
depends  on  the  quality of 

of 
condition is of the  species 

The of a set of CA allows 
us to establish of independent  ecological 

of the  commu- 

Gachon,.  1978; plant community). 
a given  species X CA 
maximum of the et al., 

the the 
species  and the et al., 1973; Esteve, 
1978;  Chessel et al., 1982). is a  useful  tool  to  model 
the of species along the ecological 

1981 j and 
of Amplitude (HA) 

and Ecological of the 
(Chessel et al., 1982; 1988). 

this give an  example of the possibilities 
of 
sion in the 

Rationale  and  methods 

1. The old-field succession 

will not go into the 
1900, a 

loss of 40% of its on the  land  dimin- 
ished at the same 

diminishing  at  the  beginning of the 
The hay-fields 

the nineteen fifties 
the effects of the development of mechanical 

and the in the 
8 this land 

to  10  ha,  while  hay-fields  declined 
to 75 

land used in a  collective 
way in association  with  communal  lands. 

These old meadows, old fields) 
eat the 

the of the elements;  they  only 
a small with leave 

in the buildings which is 
the and the hay-fields and 
1984). When is into a  hay- 
field, its annual of is 

at the beginning,  due to the of 
elements left then 

until it stabilizes at a level 
of So the land use is, the 

of the fields the old- 
field succession. 

The abandoning of in the valley 
followed by the of the 

is the 
second decisive evolution in 

animals to those of the land 
with the best and the 

et al., 
most  often go to the most and  best  maintained 

leaving the 
have long since not been  cultivated cut, 

they the of land to the wild. 

2. Sampling  design 

Seventy fields 
of the of the of the valley 

to the of of  two  a 
the 

the actual 
on the and spatial 

of cattle and sheep 
composition is the 
(50  points  along  a  20 m line) 

3. Data processing 

the old-field succession 

The 70 X 

by et al., 1973). 
to 

discuss the set of 

speçidy because of 
at the poles of the F1 axis. To 

the in 1982 
the along the axes 

and so of 

the most CA 
of the 

et al., 1973; Esteve, 1978; 
Chessel et al., of Gauch is on 
the non-independence  of the and  second  axes  of 
CA.  As it is 
does not 
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CA 
because of data to 

of the  local  species 
dynamics  and emphasizes the signal of 
local species extinction and colonization” (Allen  and 
Wyleto, 1983;  Allen,  1987). data to be 
used  when the main focus of the study is on the 
tionships between plants and physical i.e. 

tation data suitable to study local evolu- 
tion i.e.  community  dynamics at levels of 
ization the abundance of species evolves 

than botanical composition. et al., 
(1987) have nicely this point intensively 

3.2. Habitat  Amplitude (HA) and  Ecological 
Diversity  (ED) 

Chessel et al., (1982) have a definition 
Amplitude and Ecological 

based  on  the of species and 
by CA. 

Amplitude of a species is defined by 
the less of the 

the species is along an ecological 

the same way, a  given set of species 
along  a the of all the species of one 

a 
of the ecological of the 

(Chessel et al., 1982). This ecological 
with  the of the. species of  the on the 

does not depend of species 
as the Shannon does, but  simply  on the ecological 

of the species along the As 
a gives an optimal account 
of the (Chessel et 
al., 1982). 

Results  and  discussion 

Ecological factors influencing botanical 
composition 

the of both species and and 
on past and management of 

the fields, we have established 1984; 
1986, 1987) that F1 (canonical 

lation= 0.66) was a and F2 
(canonical 0.50)  a 

the management of the plant commu- 
nities. The significance of these two of 

the sampling methods. the main is 

- 75 - 

of species and to ecological 
was established a priori. 

The two  highly significant 
that, despite the effect, axes F1 and F2 
an ecological 

n=18 

and indices of 
potassium uptake by plants and unpub- 
lished data); 

= collected by animals 

The management (F2) a func- 
tion of the (Fl) as it was  shown  by 

1984; 1987). Esteve (1978) 
highlighted the point that the mathematical independ- 
ence of  the successive axes out by CA did not 
imply ecological independence. 

Modelling  the  plant  community 
dynamics 

The between F1 and F2 
tionships between the  past  and management of 
the valley’s (Fig. 1). all of the 
fields, the total valley bottom land 
to be found between two “envelop” (a)  and  (b). 
The few fields located to  the left of the 
spond to the 
types fields. The (b) 

in the 
management system, of the as a  func- 
tion of the of soils. 

At if it has not been which is 
because of it will quickly 

land (Tl 
wise, the animals will 
to the of  wild species (e.g. Urtica 
sp., Arctium  minus) and will the of good 

(e.g. Dactylis  glomerata,  Trifolium 
repens, The appetibility of the vegeta- 
tion  and the value will and  given the 
absence of so will visits by the animals. 
The will continue to the value 
of the field its maximum at the same time 
as the’ of animal visits. 

Secondly, the continuous of soil 
because of leaching and of the 
izing elements, will lead to the of the 
most demanding vegetation species and  consequently to 
the diminishing of the value. The animals will 
then  abandon it to  visit fields which  have not been 
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abandoned so long and  which in have 
maximum value. This which  is 

T3 T4 type  evolu- 
tion to the intensity of the 

of cultivation. The fields 
end up by stabilizing with  a lawn type vegetation, 

by evolving a coppice type  (T2) vegetation 
if  they located a hedge a  wood. 

This model can be used to the 
modes can also be 

used to estimate the speed of these evolutions. Using 
of and studies of photo- 
we estimated that the speed of an 

abandoned field scale along 
F1. This hypothesis as well as the validity of the evolu- 

the fields have been 
by the shifting of fields into the model 
5 evolution (Fig. 1: 1987). 

Modelling  the  species  turn-over  along 
the old-field succession 

1. Ecological  Diversity 

The main goal of within  a 
community is to give an account of its 
ization. (Goodman, 1975). Within a the 
of community is double and depend upon the 

between and  within 
1972; 1984). CA 

, maximizes and  minimizes at the same time 
1988). 

A lot of indices have been used to the 
of of  a  community. To the 

basic between and functional indices 
on Figs. 2  and 3 the along F1 and 

F2 axes of CA,  of Species Shannon 
and Ecological sensu Chessel et al., (1982). 

Species and the same 
of along F1. The is an 

with the age of the  community even within 
of fields The ecological 

way 
with time. fact, the 

values at the stages of the succession that 
to a less constant value till the end of 

succession. 

As 
with the of the species of the 

along  the axis. the stages of old-field 
succession, the plant density is low and the high 

a high competition level, so species 
with ecological may coexist within 
the same old-field. 

Competition with 
1963) and  with the loss of New species invade 
the field but  only species well fitted to local condition 
of and The stabiliza- 
tion of at a low level the ecological 

of the community: all the species have 
ecological along F1, and the mean ecological 

of the community  and of the species the 
same. the following stages of the succession, F1- 

of species 
This 

ponding to the last stages of the  old-field succession, 
the species should have close ecological 
ences. 

Along the F2 of species 
and Shannon behave in the same way, 

minimum values at the of the axis  and 
maximum values This 

seems to be classical (Collins and 1985) 

1983). fact, if we except the 
stages of the old-field succession 

the of the community, species 
ness  and Shannon when 

Ecological behaves 
along F2 as it does along F1. stages of old-field 
succession a high the 

gave above i.e.  mainly  a competitive 
ment. the constant along 
a  wide of acts 
on the ecological of the community along F2 
like on F1 does. The main 
is in the of species while 

i.e.  a diminishing species 
occupied the same ecological space. when 

the highest levels 
again. Animal patches of 

invaded by of species not 
well  adapted to heavy can 
then be defined as the level when the 
ecological of the community is changed. 

2. Habitat  Amplitude 

The of by Chessel et al., 
(1982) to close techniques 

and 1982), some decisive advantages 
such  as the canonical of the 
nation of species along ecological defined a 
posteriori analysis). 

a of the ecological ampli- 
tude of a species within a  community  along one niche 
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dimension. This dimension is not a as in the Fig. 4 shows the of Amplitude 
1958) but an along F1 and F2 axes  and the ecological of 
of the  commu- the species exhibits  a classical 

nity. of minimal values at the 

-3 -2 -1 O l 2 

F1 of species 

-1 

-2 -1 O 1 

F2 of species 

Fig. 4. of of of 223 F2 
the of 
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of the axes and maximal values at the axes. 
This simply means that specialist species only found 
at the beginning and at the end of the two 

A wide may be the of the coexistence, 
within the same community, of phenotypes in 

ecological of a single 
one. A helps us to define a set of species 

Conclusion 

As shown in this example of old-field succession, 
a useful  tool to build 

a model of changes in species composition 05 communi- 
ties. want to outline the of sampling 
design. The choice of the sites has to be as 
a design in to avoid missing 
some existing state of  .the studied ecological system. 

eliminating in CA in the 
steps of the analysis, we  can maximize the canonical 

of the between species 

The possibility to into the 
model  allows us to analyse the changes in 
species composition of communities in a way 
by the same site at dates (see the 
validation of of a 

way  by sites of ages. 

example, if we in the model a data 
set 

to the in levels 
of of 

lead the ecological to fall  to a 
low level, only a few ecologically species being 
able to stand so intensive management. On the 
a sudden of a old c o m u -  
nity lead to because species of envi- 

invade the site. So constitute a 
ising tool to investigate community and evolu- 
tion a and a point of  view. 

Acknowledgements 

of the 
of the ecological of the species ment of INRA and by a of the 

This 

within the community. The consequence is in a of  of (EGpN to study 
of the Amplitude which enable us to ecological consequences of abandon- 

the of species along the and ment.,. 
of the Ecological 

of is the most significant 
advantage of CA.  As it has  been shown above, this 
index is not a simple index of the 

of the community like a lot of 
indices it is a functional index giving 

account of the ecological of the community. 
indices based  on abund- 

. ance of the species and the ecological 
of 

by Chessel et al., (1982) constitutes a index 
sensu stricto = opposite, comm.) 
as based on the ecological of the species. Thus 
it not only  on the of 
ecological of the  species  compo- 
sition but also, in example of the 
lands, on the stability/ instability of the species assem- 
blage. 

Effectively, the constancy of the value of the F1-and 
along the axes is a of the 

slowness of the evolution of the botanical composition 
of the community the abandonment of cultivation. 
The of species has been so slow that at any 

References 

ALLEN, in ecology:  a  noneu- 
clidean  conception of the  data  space.  Vegetatio, 69: 17-25. 

ALLEN, and  WYLETO, (1983): A 
the  complexity of of 

101: 529-540. 

2: Ethology of 

An analysis of 
dynamics:  an  example of a  lawn  succession.  Vegetatio, 43: 87-94. 

of 
of Ecology, 

68: 891-918. 

G. (1986):  The  influence of grazing on the evolution 
of botanical  composition of 
of 
(Joss, Lynch, Williams, 
of 

the same. 1, -146 pages + annexes. 

- 80 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



1 

et 
# (2):  113-124. 

Landscape  Ecology, 
(submitted) 

in 64: 87-94. 

et coll. (1973):  L’analyse  des  données. 

49: 65-83. 

et de 
tillon  dans 
Académie  des  Sciences de 

(1982):  Analyse  kéquentielle  de 

15: 1-118. 

ESTEVE, J. 
Ecologie et 

Tomassone, de 

in community  ecology. 
in 

idge, 

The of 
ships in 50 (3):  237-266. 

the  study of of 
36: 25-30. 

F. 
opment  of 
Vegetatio 43: 59-72. 

in 
53: 179-189. 

22: 415-427. 

J. in the 
application of in plant  ecology. 
Vegetatio,  109-124. 

Effects of 
83: 129- 

136. 

LACOSTE, 
nelle  en  phytosociologie et en  écologie. 1: L’analyse  des  données 

6: 353-369. 

nelle en phytosociologie et en  écologie. 2 L’analyse  des  données 

écologiques et 125-146. 

l’Analyse  Canonique 
1. 
9: 53-67. 

W.J.  (1981): The 
influence of on 

in of  Applied 
Ecology 18: 11-26. 

S.J. 
of in commu- 

53 (3):  291-320. 

evaluation of 
of techniques 69: 89-  108. 

F.X. à 
de pâmages d’altitude  des 

à l’analyse  de la 29 (3):  277-310. 

in 
41: 171-190. 

S., 
de la  végétation 

229-246. 

et 
Siliceuses. mese 
333 pp. 

of 
oak oak in the 

Analysis  and  modelling of 
Oikos 37: 21-38. 

of 
Oikos 42: 23-29. 

in  plant  commu- 
to 

in plant  communities 

52: 171-  180. 

42: 207-264. 

21: 213-251. 

W ,  
of  communi- 

Junk, 

- 81 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens


